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The regeneration of the tree Acacia melvillei (yarran) was studied in a semi-arid arca
within 100 km of Balranald, south-west New South Wales using size-class analysis and
seedling transplants into a remnant stand. Almost total regeneration failure was found in all
pastoral areas except for a [ew sites known or presumed to have experieneed intermittently
low browsing pressure. At these sites, two reeruitment episodes are tentatively assigned to
the 1950s and to 1973-1975. In dryland eropping arcas, root damage by cultivation can
producc profuse regeneration by root suckering. This is seen as an artefaet of European land
use practices. The transplants showed that seedling establishment can be strongly limited by
low soil moisture in spring and summer and by rabbit browsing. Retaining A. melvillei in
biological reserves will require striet rabbit control. In addition, pastoral arcas will require

stock removal during and after the wet years needed for regeneration.

IN SEMI-ARID and arid Australia, research is
produeing a growing list of tree speeies whose
regeneration is strongly inhibited or prevented
by browsing of seedlings and suckers by intro-
dueed mammals (Chesterfield & Parsons 1985,
Auld 1990, Parsons 1990). While the list in-
eludes a number of Acacia speeies (Auld 1990),
many Acacia spp. have yet to be studied. Ability
tosueker is not well doeumented and the relative
importanee of seedlings and suekers in the per-
petuation of stands is often not understood.
Here we investigate regeneration from seedlings
and suckers under a variety of browsing and
elcaring regimes in Acacia melvillei Pedley
(varran), a community dominant in parts of in-
land Queensland, New South Wales and Vie-
toria.

THE SPECIES

Acacia melvillei has only reeently been dis-
tinguished from A. lomalophylia Cunn, ex
Benth. Both speeies are widespread throughout
the southern part of inland Queensland and in-
land New South Wales, with more limited oeeur-
renecs in northern Vietoria (Pedley 1978).

Mature pods are needed to distinguish the two
speeies reliably. While these were not available
during the present study, all reliably named her-
barium speeimens seen from our study area at
MEL and NSW were labelled A. melvillei (M.
Fox personal communieation; our own data).
This, and the number of flowers per head on our
plants, strongly suggest that all the yarran plants
we saw were A. melvillei.,
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In our study area, A. melvillei oceurs as the
sole dominant of a woodland eommunity on
reddish loam flats.

THE STUDY AREA

All sites were within 100 km of Balranald
(Fig. 1), where the elimate is the eool, semi-arid
BSk type (Diek 1975) and mean annual rainfall
ranges from about 280 mm to 330 mm, Grazing
by stock (mainly sheep) and by rabbits has been
widespread sinec the 1870s (Condon 1983, New
South Wales Soil Conservation Serviee 1990).
Sites were ehosen to eneompass the drier, pas-
toral areas in the north and the wetter, dryland
eropping arcas in the south (Fig. 1, Table 1). Few
sites eould be found with a historv of low grazing
pressure (known for site 4; inferred for site 6, sec
Table 1). Sampling was eoneentrated in those
few arcas where some regeneration had oceurred
in the last 40 years or so (sites 4 to 10, Table I).
Many stands lacking regeneration were present
in the area; only three of these were sampled
(sites 1 to 3, Table I). It proved very dillieult to
obtain reeords of grazing history beeause the
leases lor many pastoral arcas have changed
hands in the last ten years or so.

METHODS

Size class analysis

To provide regeneration data rapidly over a
wide area, Acacia melvillei stem girths were
measured in single, large, unreplieated, subjee-
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Fig. 1. Location of the study sites and mean annual
isohyets (mm) in south-west New South Wales and
north-west Victoria. Triangles = size class analysis
sites; square = scedling survival site.

tively chosen plots, following previous work
(Crisp & Lange 1976, Chesterfield & Parsons
1985). Stems were measured 15 em above
ground to avoid buttressing. In multistemmed
plants, stems less than 5 em in girth were ig-
nored; for those greater than 5 cm girth, the
girths were converted to ecross-sectional arecas
and these added to obtain total girth (Fritts
1969). Thisseemed the best approach given that,
in some of the oldest stands. up to half the trees
were multistemmed, not single-stemmed. Plot
size was variced (Table 1) so that about 75 trecs
were sampled in cach (including dead ones). If
fewer than 75 were present, whole populations
were sampled.

Seedling survival

Effects of climate and rabbit grazing on seedling
cstablishment were examined in Flora Reserve
G67, a 23 ha stock-free arca (Victoria: Land
Conservation Council 1989) carrying some
Acacia melvillei trees at Yarraby north-west of
Swan Hill (Fig. 1).

Rabbit-proof cages were made and a field trial
set up as 3 planting dates x 2 trecatments (caged
and uncaged) x 4 replicates. All plots were at
least 12 m from the necarest tree. Scedlings were
raiscd in a glasshousc using Acacia melvillei seed
colleceted on 15 January 1990 from between
Goschen and Ultima (map reference Nyah 7527,

714 228). On each date (6 wecks apart), p|
were planted with four-week-old scedlings \v(.)t}?
cotyledons and one to two fully expanded lca\;lt
They were planted open-rooted in four rowscsf
threc at 10 em spacing, into plots from Which 0“
plants (mainly cxotic annual grasses) had bcan
removed. On planting day, cach plot receiveq TO
L of water, 6 L before planting and 4 L afier, No
further water was applied. The site was 5 reddigh
loam flat.

On later visits, seedlings were recorded

as be-
ing: (a) live; (b) dcad-browsed—these hag :)hee
shoots bitten off, gencrally below the cotyledgpg,

and nonc resprouted: or (¢) dead-unbroy 'SCd—
whole shoot still present. A minority (19) .4
disappearcd completcly for reasons unknowp
The trial was terminated on 9 September 199 5
weeks after the final planting. The datg Wc!re
analyzed by chi-squared tests.

The ficld work was carried out between Feb-
ruary and September 1991 exeept for briel
checks on seedling survival on 30 Novemper
1991 and 25 March 1992; voucher specimens
havebeen lodged at La Trobe Universigy Botany
Department Herbarium (LTB). ’

RESULTS

Size class analysis

The girth histograms can be readily divided ipto
four groups bascd on the varying sizes of dead
and alive trees (Fig. 2). Populations in group one
showed abundant cvidence of sheep and rabbit
grazing and a general absence of regeneration.
Most Acacia melvillei individuals were dead
(Figs 2, 3A) and there was an absence of indi-
viduals in size classes smaller than 80-100 c¢m
except for two plants in the 10-20 em size class
at site 1. These had grown up through the dense
canopices of chenopod shrubs which had presum-
ably acted as nurse plants. Excavation showed
both to be scedlings, not suckers.

Group one contains an average of 8% live
plants; thescare old, with decumbent, collapsing
stems and usually less than half their branches
left alive. In the pastoral parts of the study area.
these degenerating stands mostly devoid of re
generation arc by far the most common type
scen; c.g. various areas around sites 1, 2, 3, 4 and
7. In a number of cases, all that remains ©
Acacia melvillei stands are a few dead and fallen
trunks, lying on virtually bare loamy flats sur-
rounded by healthy mallee vegetation on highef
ground.
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Fig. 2. Girth histograms for stands of Acacia melvillei divided into groups of similar size structure. Shading shows
live plants, no shading shows dead ones. Vertical seale varies.
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Although some of the few live plants in group
one have similar girths to plants in group two,
their dead branches and sparse canopy make
them readily distinguishable from group two
plants with their dense eanopics and strongly
suggest that they are from an earlier episode of
regeneration.

Stands in groups two and three are mostly of
living plants (Fig. 3B, C). While group three has
a few plants in the smallest size elass, the few that
arc less than 1 m high have been suppressed by
browsing. In both groups there is a lack of recent
recruitment (Fig. 2). In any given stand, most
plants appear to be of similar age and possibly
from a single recruitment event, with the group
two stands beingolder than lhosc of groupthree.
Group two plants typically have canopies wider
in relation to their height than group one plants
(Fig. 3B,C). There were a few dead or degener-
ating trees at cach site, including site 8 where,
however, they werc absent from the quadrat.
Excavation of small plants at each site showed
they were of scedling origin in every case.

Taken together the group two data (Fig. 2,
Table 1) suggest that group two sites earry sub-
stantial regencration from the early 1950s. Site
four was cxclosed from stock in 1952 but rabbits
periodically infest the area between control
measures such as ripping (R. Scriven personal
communication), and there have been episodes
of stock entry (Semple 1986). Regencration
commenced in 1952-1953 soon after exelosure
(Soil Conscrvation Serviee, Hay, unpublished
records). Of groups two, three and four, this site
shows the greatest range in sizes of A. mrelvillei,
from plants 1 m tall to large, degenerating trees,
It may well be an exception to a possible general
trend to even-aged stands in these three groups.
On the same soil type outside the exclosure,
Acacia mielvillei regeneration was abscnt; only
dead (the great majority) or very degenerate
plants oceurred (scc also Semple 1987).

Further evidence linking group two to the
1950s is an cycwitness report that the present
live plants at site 5 first appearcd in the early
1950s (Gordon Neil personal communication).
This would accord with regencration episodes of
other species in the 1950s during above-average
rainfall years and myxomatosis-induced re-
duction in rabbit numbers at that time (Hall et
al. 1964, Chesterficld & Parsons 1985). At Bal-
ranald, 1952, 1954, 1955, 1956 and 1958 had
above-average rainfall. For group three the only
dating we have is that the live plants at site 8
were about 1 m high when seen in 1978 (Greg
Ayson personal communication). The live

plants at sites 7 and 8 could well relate to excep-
tionally wet years in 1973-1975, as do similar
cpisodes in nearby arcas (Chcstcrﬁcld & Parsons
1985).

The group 4 sites are on areas that had been
cultivated and used for cereal crops in the 1970s.
When cropping stopped, profuse regencration
became obvious (Fig. 3D), mainly from root
suckermg but occasionally from sced (Fig. 4).
The size class difference between sites 9 and 10
(Fig. 2) accords well with their known history
(Table 1), The site 9 histogram is bimodal (Fig.
2), with the 0-10 em peak indicating a younger
generation of root suckers, possibly a response to
root damage around the base of the trees eaused
by cattle hooves. Microscopic examination of
transversc sections confirmed that the suckers at
sites 9 and 10 originated from roots, not
rhizomes.

Seedling survival

Of untreated seeds set out to germinate at 25°C,
only 10% germinated; the proportion was in-
creasced to 95% by placing sceds in boiling water
or by nicking the seced coat. As expected, rainfall
was lowest and temperatures highest for the first
and last six weeks of the trial (Fig. 5). The first
planting in mid-May was made in dry conditions
after below-average autumn rainfall. Winter
rainfall was slightly above average.

On all three observation dates after the first
plammg, overall scedlmg mortality was higher
in uncaged plots than in caged ones (Tablc 2).No
dead-browsed seedlings were found in cages so
invertebrate effeets were not detected. The only
signs of vertcbrates were rabbit scats and rabbits
which arc assumed responS|blc for all browsing
deaths. After six weeks in uncaged plots, brow-
sing mortality varied significantly (P < 0. OOI)
between planting dates, with smaller tosses in
the moist, cool winter period when fresh, green
herbs were abundant as an alternative food
source,

The deaths of unbrowscd seedlings were not
related to transplanting damage. Mortality was
greatest during the dry periods of May-June and
August-September and was very low in the
moist sceond six weeks of the trial when it was
much less than browsing losses (Table 2). The
data strongly suggest that the deaths of un-
browsed seedlings were due almost entircly to
drought and that frost was unimportant. In
1991, only 12 frosts were recorded at Swan Hill
compared to an average of 19 and screen tem-
peratures necver fell below 0°C  (Australia:
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Fig. 3. Acacia mely
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Fig. 4. Three Acacia melvillei sucker shoots arising
from swollen part of horizontal root following mech-
anical disturbance on roadside, Sturt Highway 41 km
west of Balranald. Sheet of paper is 21 em wide.

Burcau of Metcorology unpublished data). Seed-
ling density of species other than A. melvillei in
the plots was too low to affeet the mortality rates
recorded.

On 30 November 1991 only 18 plants were
alive, all in cages. This number fell to six by 25
March 1992, all in a single cage from the third
planting. These plants were 2-3 em high and had
4-6 lcavces, the youngest having pinnate Icaves
attached to phyllodes. It is surprising that any
plants survived their first summer given that

only 12.5 mm of rain fell in the Yarraby distriet
between the above-average rains of September
1991 and the final inspection (J. A. McDowall
personal communication). The six survivors
comprise 4% of the scedlings planted in cages.

DISCUSSION

Size class analysis

The picture which cmerged was of an almost
total failure ol Acacia melvillei regenecration
throughout the pastoral part of the study area,
with most stands seen being totally dead or with
a great majority of dead trees. Similarly, of the
scven arid zone Acacia species discussed by Auld
(1990), only for A. oswaldii is there any ehance
that recruitment is suflicient to maintain cur-
rent population densities.

The few exceptional sites showing some A.
melvillei reeruitment in the pastoral zone in-
cluded an experimental exclosure, a home pad-
dock, a publie stock reserve and some other sites
close to Balranald township with presumed in-
termittently low browsing pressure (the last sites
were not sampled). The reasons why reeruitment
at some of these sites (sites 7 and 8) was not sup-
pressed by browsing are unknown. Similarly, it
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Fig. 5. Climatic data and timing of the plantings in the seedling survival trial at Flora Reserve G67. Closed
squares = weekly rainfall; open squares = maximum temperature; asterisks = oceurrence of frosts (from ther-

mometer at site).
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isnot known why the two major rccruitment cpi-
sodes identified here in the pastoral zonc in the
last 50 years failed to occur at all the group two
and threc sites; relevant grazing histories are
simply unavailable.

While landholders who producc profuse suck-
ering of A. melvillei by cultivation regard it as a
woody wecd, suckers were only recorded after
mcchanical disturbance of roots, eithcr in pad-
docks or along roadsidcs (Fig. 6). Thus, it scems
that suckering has only becn significant since
introduction of European land usc practices, as
for A. harpophylla (Williams 1985). By contrast,
A. carnei suckers indcpendently of root disturb-
ance, while A. oswaldii does not sucker at all
(Auld 1990).

\ S

Fig. 6. Exeavated cacia melvillei speeimens {rom
sites 9 and 10 showing difference between plants orig-
inating from seedlings (left) and root suckers (right).
Horizontal root is 14 em long.

Secdling survival

The major factor limiting scedling establish-
mcnt was low soil moisture, espccially in spring
and summer. Browsing by rabbits was also im-
portant. These findings also apply to Acacia
oswaldii scedlings (Auld 1990) and to other
species from semi-arid arcas (Parsons 1968,
Wellington 1989). While frost damagc was not
secn and mortalitics did not seem to corrclate
with frosts, furthcr work is nccded on this given
the unusually mild wintcr and evidencc of frost
deaths in other spccics (Parsons 1968).

Concluding discussion

It is clear from both size class analysis and the
scedling survival study that, in the part of its
range investigated, Acacia melvillei is subjcct to
serious regencration problems. Rctaining this
species in biological reserves is very likely to

rcquire strict control of rabbit populations. The
samc applies to pastoral arcas, along with stock
rcmoval during and after the rare high rainfa)
events likely to be needed for successful regen.
eration.
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